are known for the production of a spermatophylax, a proteinaceous (Heller et al., 1998) , sperm-free 66 mass that is eaten by females. Consumption of the spermatophylax has varying effects on female 67 fitness, increasing survival and fecundity in some taxa (Gwynne, 1984a (Gwynne, , 2008 Simmons, 1990) while 68 producing no apparent benefit in other taxa (Will and Sakaluk, 1994; Vahed, 2007) . This has led to 69 extensive debate over spermatophylax evolution. Several lines of evidence suggest that the 70 spermatophylax serves only as an ejaculate protection device to prevent the female from eating the 71 sperm-laden ampulla (Vahed, 2007) , which is transferred with the spermatophylax to females during 72 copulation. These nuptial gifts are not necessarily expected to provide a nutritional benefit, only 73
properties that distract the female long enough for sperm transfer to complete (Vahed, 2007) . In 74 contrast, the spermatophylax is expected to be nutritious when it serves as a form of paternal 75 investment that increases the number or quality of offspring sired by the male (Gwynne, 2008) . Which 76 of these two explanations is correct is likely to have important implications for how nuptial gifts 77 influence the microbiome, as protein intake can induce rapid changes in the gut microbial communities 78 (Wu et al., 2011; David et al., 2014) . 79
We manipulated nuptial feeding and mating to measure their effects on the gut microbiome of 80 two insects that differ in the size of their gifts, the Mormon cricket, 81
Anabrus simplex (Orthoptera: Tettiginiidae), and the decorated 82 cricket, Gryllodes sigillatus (Orthoptera: Gryllidae). Mormon 83 crickets produce a spermatophore six times larger than G. sigillatus 84 (19% vs 3% of male body mass; Gwynne, 1984b; Sakaluk, 1985, 85 Fig. 1) and are a well-known example of nutrition-dependent sex-86 role reversal, with females competing for access to 87 spermatophylax-producing males when food is scarce (Gwynne, 88 1984b (Gwynne, 88 , 1993 . In contrast, the G. sigillatus spermatophylax is no 89 larger than that required for sperm transfer (Sakaluk, 1984) and 90 does not provide any detectable nutritional benefit to females (Will 91 and Sakaluk, 1994; but see Ivy et al., 1999) . Given this evidence, 92
we expect that spermatophylax consumption will exert larger 93 effects on the gut microbiome of Mormon crickets than decorated 94 crickets. Whether mating influences the microbiome depends on the 95 potential for microbial transmission, as well as an effect of mating on the physiological state of 96 females. We assessed these alternatives by screening male and female reproductive tissues for bacteria 97 and measuring components of the immune system that are known to change in response to mating in 98 insects. 99
RESULTS AND DISCUSSION

100
Mating and the microbiome 101
We found that mating, but not spermatophylax consumption, influenced the structure of the gut 102 microbiome of Mormon crickets (Figure 2 , Table 1), while neither had an effect in decorated crickets 103 (Table S1 ). Ordination of the Mormon cricket OTU scores suggested that five taxa changed in 104 abundance in response to the mating treatment (Fig. 3) , all lactic-acid bacteria (Family 105 applied. Alpha diversity was not affected by mating or spermatophylax consumption (Table S2 and We compared the abundance of these five lactic-acid bacteria among treatments in univariate 125 analyses and found that three differed depending upon whether females had mated or not, including P. 126 acidilactici 102222 and Pediococcus sp. 17309 (Fig. 4, Table 2 ). Comparisons of fecal samples taken 127 before and after the treatments indicated that all three lactic-acid bacteria experienced a precipitous 128 decline in unmated females, but persisted in mated females, resulting in higher abundances in mated 129 females at the end of the experiment (Fig. 4, Table 2 ). Time point indicates whether samples were collected before or after the treatments were imposed. A 134 significant interaction between mating and time point was detected for the top 3 panels (Table 2) whether these specific changes do influence host-microbe interactions, remains to be elucidated. 166
Mating in insects can result in the suppression of the immune system due to tradeoffs between 167 survival and reproduction (Harshman and Zera, 2007) , and the immune system is a key regulator of the 168 microbiome (Ryu et al., 2010; Hooper et al., 2012). We measured three components of systemic 169 immunity in both species and found that immunological activity was unaffected by mating, and was not 170 associated with variation among crickets in microbiome structure (Table S4 and S5). This suggests that 171 if the lactic-acid bacteria identified in our study are influenced by the immune system, it likely occurs 172 locally within the gut rather than in response to systemic changes in immunity. This is consistent with 173 experiments in Drosophila, where the immune response in gut epithelia is induced by oral introduction 174 of bacteria but not after injection of the same bacteria into the hemocoel (Tzou et al., 2000) . 175
Nuptial gift consumption and the microbiome 176
In contrast to our expectation that larger nuptial gifts should elicit a greater change in 177 microbiome composition, spermatophylax consumption did not affect the gut bacterial communities in 178 either species (Table 1, S1). At least three non-mutually exclusive possibilities could explain this 179 result. First, it is possible that the spermatophylax is not a highly nutritive meal for the female, even in 180
Mormon crickets. Hemolymph protein was higher in Mormon crickets that mated and consumed the 181 spermatophylax in our study (Table S4, Fig. S3) ; however, if these females did have higher protein 182 intake, it was not reflected in their microbiome. Although their spermatophylax is relatively large and 183 females compete for spermatophylax-producing males under low nutrient conditions (Gwynne, 1984b, 184 1993), the nutritional consequences of spermatophylax consumption has not been explicitly measured 185 in Mormon crickets. 186
Second, nuptial gifts might not influence the gut microbiota because of a lack of sensitivity of 187 the microbiome to dietary protein, irrespective of the nutritional properties of the gift itself. Our 188 experiment supports this hypothesis, as increasing dietary protein did not significantly influence the gut 189 microbiome, at least in decorated crickets (Table S2) . Cricket gut microbiomes thus might not confer 190 the same degree of plasticity in resource use as has been suggested for humans (David et al., 2014) . 
